INTRODUCTION
Dental pulp is a complex microenvironment where mesenchymal stem cells and progenitor cells cohabit [18] , usually in perivascular stem cell niches [7, 17, 26] .
It is a great research interest on the dental pulp stem cells, which is justified by their possible use in tissue engineering [6, 12, 15] . Banking dental pulp stem cells (DPSCs) is a good alternative to harvesting stem cells from other tissues [1] . There are defined 3 main types of stem cells in dental pulp: (1) DPSCs; (2) stem cells of the apical papilla; (3) stem cells of human exfoliated deciduous teeth [9, 13, 19, 20, 27] .
The immune phenotype of DPSCs was described mostly as it resulted from in vitro experiments. Moreover, phenotypic changes during passages and after adding various markers to medium, are known to occur [23] . However, in vitro experiments offer great information on stem cells, but poor knowledge is added regarding the in situ characterisation of human adult DPSCs.
It was hypothesized that the in situ immune phenotype of stromal cells in human adult healthy dental pulp may be similar to that of DPSCs, but different from the phenotype of cultured DPSCs. Thus it was aimed at studying on ex vivo human dental pulp the immune phenotype of these cells.
MATERIALS AND METHODS
Human adult bioptic material (whole dental pulp) was collected from ten healthy single-rooted teeth (maxillary incisors) of 6 adult patients (4 females and 2 males; mean age 33.5 ± 3.2 years, range 29-37), prior to prosthetic treatments.
Informed consent for use of the bioptic material with research purposes was obtained from the patients. The Ethics Committee of the host institution approved the study.
Before dental pulp extraction, the tooth crown was covered with a 0.3% chlorhexidine gel for 2 min. Dental pulp was obtained by means of a Gracey curette. The collected samples were fixed for 24 h in buffered formalin (8%) and were processed with an automatic histoprocessor (Diapath, Martinengo, BG, Italy) with paraffin embedding. In order to identify specific zones located in the dental pulp, longitudinal cuts were performed. Sections were cut manually at 3 µm, and were mounted on SuperFrost ® electrostatic slides for immunohistochemistry (Thermo Scientific, Menzel-Gläser, Braunschweig, Germany). Histological evaluations used 3 µm thick sections stained with haematoxylin and eosin.
The following primary antibodies were used: (1) CD117 (clone T595, Novocastra-Leica NCL-L-CD117, Leica Biosystems Newcastle Ltd, Newcastle Upon Tyne, U.K., 1:20); (2) CD44 (clone DF1485, Novocastra-Leica NCL-CD44-2, Leica Biosystems Newcastle Ltd, Newcastle Upon Tyne, U.K., 1:40); (3) CD34 (clone QBEnd 10, Dako, Glostrup Denmark, 1:50); (4) CD 105 (polyclonal, Thermo Scientific, Pierce Biotechnology, Rockford, USA, 1:50); (5) CD146 (clone N1238, Novocastra-Leica, Leica Biosystems Newcastle Ltd, Newcastle Upon Tyne, U.K., 1:50); (6) nestin (clone 10c2, Santa Cruz Biotechnology, Santa Cruz, CA, USA, 1:500).
Sections were deparaffinised, rehydrated and rinsed in phosphate-buffered solution (PBS) at pH 7.4. Retrieval by cooking in specific buffer was completed: 0.01 M citrate retrieval solution (pH 6.0, 20 min, for CD117, CD44, CD146, CD105 and nestin) or EDTA (pH 9.0, 20 min, for CD34). Appropriate endogenous blocking peroxidase was completed before immune labelling (0.1% BSA in PBS). Sections incubated with non-immune serum served as negative controls. Sections were counterstained with haematoxylin.
The microscopic slides were analysed and micrographs were taken and scaled using a Zeiss working station which is described elsewhere [25] .
RESULTS
The general histological appearance of dental pulp was accurately identified on longitudinal sections of dental pulp. The core of the dental pulp largely contained nerves and microvessels stromal-embedded. At the periphery of the pulp the cell rich zone was identified beneath the cell free zone of Weil. The odontoblasts' layer was discontinuous.
Endothelial cells of the pulp microvessels had a CD34+/CD44+/CD105+/CD117(c-kit)-/CD146+/nestin-phenotype (Fig. 1) . CD44 antibodies labelled also Schwann cells in pulp nerves. Stromal networks CD44+/CD117(c-kit)+, but negative to all other antibodies, were found in the pulp core (Figs. 1, 2) . CD117/c-kit antibodies, but not CD44 antibodies, also labelled cells in the cell rich zone (Fig. 2) .
The CD117/c-kit-positive stromal cells of the dental pulp core appeared either oval, or polygonal, and were sending off thin immune positive processes which were building a rich stromal network. These stromal cells and network were closely related to or were directly contacting nerves and pulp microvessels (Fig. 2) .
DISCUSSION
It has been demonstrated that stem cells can be obtained from dental pulps of subjects aged above 30 years, using specific antibodies for stromal stem cells [16] . It is also known that the cell rich zone of the dental pulp contains DPSCs [3, 6, 29] , which are able of producing dentin-like tissue and/or bone [6, 29] . These cells originate from the neural crest and are multipotent [29] .
In the present study the stem cell phenotype couldn't be demonstrated, as reflected by the CD34-/ CD105-/CD146-phenotype of stromal cells in the pulp core and in the cell rich zone. The CD117/c-kit--positive phenotype was observed both in the pulp core and in the cell rich zone. On the other hand, a CD44-positive phenotype was found only in the pulp core, but not in the cell rich zone. Recently, it has been demonstrated that CD44 is expressed in odontogenic cells with active mineral deposition during tooth development. In case of suppression of CD44 expression in dental pulp cells, their mineralization activities were substantially decreased in both in vitro and in vivo assays [5] . CD117(c-kit)+/CD44+ stromal cells in the adult pulp core could be viewed as undifferentiated perivascular and perineural cells. The CD117(c-kit)+/CD44-phenotype of cells found in the cell rich zone is suggestive for a stemness (ICCs) which are slow wave-generating cells or mediate neurotransmission [4] . ICCs are not unique to the gut and are present in other rhythmically active structures [14] . In the myenteric plexus c-kit-positive multipolar ICCs form dense networks which envelop ganglia and nerves [4] . These cells are well known for the CD117/c-kit expression [25] . It was also shown that ICCs can also express CD44 [30] . It is not intended to speculate here that pulp stem or progenitor cells are ICC-like cells, as those described in cardiac tissues [8, 10, 11, 22, 28] and renamed later to telocytes [22, 24] . But it is tempting to speculate similarities between ICCs networks and DPSNs and thus to raise the question on the functional role of pulp stromal cells in stromal signalling and neurotransmission within the human dental pulp.
stage. From this layer, undifferentiated cells migrate to various zones where they can differentiate under different conditions and make new differentiated cells and tissues [6] . The fact that cells committed to odontoblastic differentiation could not be found in this layer, may be due to the integrity of dental pulp and teeth. Under these conditions, lack of stimuli slows down markedly odontoblasts' formation. Further to this discussion, the analysis goes beyond the stem cell or progenitor phenotype. The stromal cells presented here participate in consistent stromal networks (DPSNs) of the dental pulp, and contact nerves. These DPSNs were CD117(c-kit)+/CD44+ in the pulp core, but they were CD117(c-kit)+/CD44-in the cell rich zone. These immune phenotypes determine us to bring in the discussion the interstitial cells of Cajal Limitations of this study include lack of all stem cell markers previously proposed for DPSC characterisation. However, the panel used here may be enough to reach the conclusion that the phenotype of stromal cells in healthy human adult pulp is distinct from that of DPSCs'. Instead, they present similarities with ICCs, building stromal networks. A role of DPSNs should be further investigated in the normal function of dental pulp and in the aetiology of the persistent pain after endodontic procedures, which occurs in > 5% of patients [2, 21] , especially when accessory root canals are overlooked or endodontic treatments are defectuous.
CONCLUSIONS
The in situ immune phenotype of stromal cells in human adult healthy dental pulp presented similarities to that of ICCs, being different from DPSCs' one. Therefore, these cells might be involved in signalling processes within the dental pulp. Immune labelling of human adult dental pulp with CD117/c-kit antibodies. Stromal networks built-up by immune positive cells occupy the dental pulp core (dpc) and extend within the dental pulp mantle (dpm, cell rich zone), beneath de cell free zone of Weil (cfz). These networks are closely related to, or contact (arrows) pulp nerves (*) and/or pulp microvessels (bv).
